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HIGH PROFILE MULTIAXIAL PROSTHETIC FOOT 

Field of the Invention 

The present invention relates to a high-profile prosthetic foot that provides up to 1 80° of 
5 medial-lateral rotation with respect to the prosthesis frame and also provides energy storage 

capabilities. The present invention further relates to a prosthetic ankle joint having an adjustable 
range of medial-lateral rotation about the prosthesis frame. 

Background of the Invention 

10 A prosthetic foot must provide stable support to the user under a variety of conditions. 

- % Such conditions include a variable stride and a range of different activities. In particular, a 
y prosthetic foot has long been sought that can provide stable support for a user who is walking on 
n an ever changing terrain, such as that encountered in normal daily activity. To achieve this 
% objective, a prosthetic foot would ideally provide a range of motion in a medial-lateral direction. 

sr : 

jl5 It is also desirable that the prosthetic foot has energy storage capabilities to provide a more 

. normal gait. 

r! Dynamic response prosthetic feet are preferred for active amputees. The energy storage 

J! 

II capabilities of the feet give them a spring-like functionality, which improves the feel and overall 

J] 

=j function of the prostheses. Two widely used types of prosthetic feet are high profile dynamic 

=i0 feet and low profile multiaxial feet. 

High profile dynamic feet consist of a long L-shaped piece of material attached to a base 
plate. The L-shaped piece of material may be alternatively referred to as a frame. Typically, the 
frame is elastic and therefore provides some energy storage capability. Generally, the frame is a 
composite, such as a carbon fiber laminate or a polymeric material. At present, all high profile 

25 dynamic feet have a rectangular cross section relative to the frame and therefore movement of 
the footplate is typically limited. Such high profile dynamic feet have advantages because of 
their high-energy storage capability. High-energy storage occurs in the frame of the prosthesis. 
High profile dynamic feet have the longest frame, and thus act as the biggest springs and, 
accordingly, store the most energy. However, high profile dynamic feet also present some 

30 drawbacks. Principally, the high profile dynamic feet have no ankle motion and therefore are not 
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capable to conforming to a changing terrain. The foot portion of a high profile dynamic foot 
stays in the same position relative to the frame regardless of whether the amputee is walking on 
an incline, walking on uneven terrain or moving in a side-to-side direction. 

The multiaxial dynamic feet of the prior art attempt to simulate motion of the ankle and 
5 are generally considered more stable than high profile dynamic feet. A disadvantage of the 

multiaxial dynamic foot is that generally it is a low profile prosthesis. By comparison to the high 
profile dynamic feet, low profile multiaxial dynamic feet can only store energy in their keel, 
which is a much smaller frame and, thus, a much smaller spring. Accordingly, there is 
correspondingly less energy storage. Therefore, with the prior art devices, there presently is a 

10 tradeoff between increased stability and improved energy storage capability. 

Typically, the multiaxial feet of the prior art possess an axis of rotation through the ankle 
1) joint that lies transverse to the normal anterior-posterior alignment of the foot. Subsequently, 
% such multiaxial prosthetic feet, although typically providing a range of rotation in an anterior- 
posterior direction, have limited freedom to move in a medial-lateral direction. Subsequently, 

ji 

J5 the prior art multiaxial feet typically only allow a small amount of medial-lateral tilt and do not 
" allow true rotation in the medial-lateral direction. Tilt is distinguishable from true rotation in 
3 that tilt may occur along any of a multitude of axes, whereas rotation occurs about one axis. Tilt 
\\ may also be described as wobble. Typically, in the prior art devices, the amount of medial- 

11 lateral tilt is a consequence of some looseness in the ankle joint. This looseness is generally 
20 accomplished through the use of an elastomeric member in the ankle joint, which member can 

then compress to a limited degree, thus accommodating medial-lateral tilt. However, it can be 
difficult to control the tilting motion. Generally, the prior art devices do not possess an axis of 
rotation through an ankle joint where the axis of rotation lies in the anterior-posterior direction. 
Furthermore, elastomeric member tends to wear out. 

25 Some of the prior art prosthetic feet provide a range of motion in an anterior-posterior 

direction. Providing this range of motion is accomplished, for example, by providing a flexible 
foot that includes an ankle member that flexes in the anterior-posterior direction. Another prior 
art device provides anterior-posterior motion by using a very high modulus material that permits 
limited deformation under a high load. This high modulus elastic material is typically positioned 

30 between the foot and the frame. As the load on the frame changes during the normal transfer of 
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weight that occurs during walking, the high modulus elastic material flexes to a limited extent. 
Still another prior device uses an o-ring positioned at the end of the frame where the frame 
connects to the foot. This o-ring is typically made of a high modulus material and will deform to 
a limited extent as weight is transferred during a normal stride. 
5 Typical among the devices that rely on a high modulus elastic material for flexibility, the 

range of motion is necessarily limited. If the material forming at least part of the connection 
between the frame and the foot has too low a modulus, then control over the foot during normal 
walking will be compromised. Some of the prior art suggests that a limited degree of medial- 
lateral movement will occur as a result of the compression of the high modulus elastomeric 
1 0 material positioned between the frame and the foot. Such movement has been described in the 
art as a slight rocking or a slight tilting motion. The prior art further teaches that although some 

;|j medial-lateral rocking motion can be accomplished, generally, medial-lateral movement is 

! « resisted. 

4f Still another prior art device provides an elastomeric bushing about a heel ankle 

-A 5 connector pin. As with the other prior art devices already described, this bushing material is a 

high modulus elastomer. Accordingly, some compression of the elastomer may take place 
! -3 during the normal weight transfer accompanying walking and result in a small amount of medial- 
ii j lateral tilt or wobble. As provided above, prostheses that rely on a high modulus elastic material 
;=. s for flexibility tend to have a problem with durability because they wear out with repeated loading 
=30 and unloading. 

Lack of a true hinge allowing rotation in the medial-lateral direction is a disadvantage. 
True control of movement in a medial-lateral direction about a unitary axis is difficult to achieve 
in the prior art devices. Any medial-lateral movement in these devices is limited to a tilting 
movement. This tilting movement can occur along any of an infinite number of axes. Because it 
25 is not possible to control every possible axis along which the prior art foot may move, medial- 
lateral directional control can be difficult to achieve and, therefore, medial-lateral movement is 
typically constrained. Not surprisingly, the prior art devices limit a full range of medial-lateral 
movement. For example, in many prior art multiaxial feet, movement of the foot occurs through 
compression of an elastomeric pad positioned in the ankle region of the foot. Thus in order to 
30 provide movement of the foot in a medial-lateral direction the entire elastomeric pad must be of a 
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modulus that affects movement in all directions. In such a multiaxial foot, there is no 
independent control over movement in a singular direction or line of action. 

It would therefore be an advantage to have a prosthetic foot that offered the stability 
advantages of a multiaxial dynamic foot with the energy storage capabilities of a high profile 
5 dynamic foot. It would be an even further advantage to have a prosthetic foot that allows true 
medial-lateral rotation. It would be at an even further advantage to have an adjustable prosthetic 
foot that would allow the manufacturer or wearer to select a range of medial-lateral rotation best 
suited to a wearer's needs. 

It would be an even further advantage to have a high profile multiaxial prosthetic foot 
10 that could allow free rotation about an axis that lies in the anterior-posterior direction. 

:|i Summary of the Invention 

j-jj In accordance with the principals of the present invention, there is provided a high profile 

iB multiaxial prosthetic foot providing rotation of a footplate in a medial-lateral direction, 
-lis According to one embodiment, the high profile multiaxial prosthetic foot includes a tubular 
l=: - frame connected to a footplate using a spring connector. In embodiments of the present 
Q invention, the spring connector may include a high modulus elastic material, a torsional spring or 
If] combinations of these. Thus, the present invention provides a high profile multiaxial prosthetic 
] T} foot that includes a high profile component and a multiaxial component, 
ijlo The present invention also provides a high profile multiaxial dynamic prosthetic foot 

having an adjustable range of medial-lateral rotation. The medial-lateral rotation of the 
prosthetic foot of the present invention may be adjusted to accommodate the individual needs of 
the wearer. 

The present invention provides a prosthetic foot including: a frame having a first axis and 
25 a second axis; a connector connected to the frame, the connector being adapted to rotate about 
the first axis; and a footplate attached to the connector. 

Thus, it will be seen that according to principals of the present invention there is provided 
a prosthetic foot that provides both the energy storage capabilities of a high profile prosthesis 
with the stability of a multiaxial prosthesis. The high profile multiaxial prosthetic foot of the 
30 present invention provides medial-lateral rotation as compared to the slight medial-lateral tilting 



CH02/22037886.1 



or rocking of the prior art devices. In a preferred embodiment, the medial-lateral rotation is 
controlled about a unitary axis. Furthermore, the high profile multiaxial prosthetic foot of the 
present invention provides a true hinge in the ankle joint region. 

Embodiments of the present invention further provide a high profile multiaxial prosthetic 
foot having an ankle joint wherein the axis of rotation lies along the longitudinal axis of the foot. 
The prosthetic foot of the present invention further provides the capability of free rotation about 
the ankle joint about its axis of rotation. 

Description of the Drawings 

FIGURE 1 is a side view of an embodiment of the high profile multiaxial prosthetic foot 
made in accordance with the principles of the present invention. 

FIGURE 2 is a schematic showing an end view of the high profile multiaxial prosthetic 
foot of FIGURE 1. 

FIGURE 3 is a side view of the frame of FIGURE 1. 

FIGURE 4 is an end view of one embodiment of a frame/connector/footplate assembly 
made in accordance with the principles of the present invention. 

FIGURE 5 is an end view of an alternative embodiment of a frame/connector/footplate 
assembly made in accordance with the principles of the present invention. 

FIGURE 6 is another embodiment of a frame/connector/footplate assembly made in 
accordance with the principles of the present invention. 

FIGURE 7 is an end cross-sectional view of another embodiment of a high profile 
multiaxial prosthetic foot made in accordance with the principles of the present invention. 
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FIGURE 8 is an end cross-sectional view of the high profile multiaxial prosthetic foot 
made in accordance with the principles of the present invention illustrating means for rotation 
control. 

FIGURE 9 is an embodiment of a high profile multiaxial prosthetic foot made in 
accordance with the principles of the present invention showing alternate connector means and 
means for rotation control. 

FIGURE 10 is a side view of still another embodiment of a high profile multiaxial 
prosthetic foot made in accordance with the principles of the present invention. 

FIGURE 1 1 is a side view of still another embodiment of a high profile multiaxial 
prosthetic foot made in accordance with the principles of the present invention. 

FIGURE 12 is an end view of a high profile multiaxial prosthetic foot made in 
accordance with the principles of the present invention showing rotation of the prosthetic foot 
about an axis aligned with the longitudinal axis of the foot. 

FIGURE 13 is an end view of a high profile multiaxial prosthetic foot made in 
accordance with the principles of the present invention showing rotation of the prosthetic foot 
about an axis aligned with the longitudinal axis of the foot. 

FIGURE 14a is a side view of a high profile multiaxial prosthetic foot made in 
accordance with the principles of the present invention showing an adjustable displacement of a 
frame with respect to the foot. 

FIGURE 14b is a side view of a high profile multiaxial prosthetic foot made in 
accordance with the principles of the present invention showing an adjustable displacement of a 
frame with respect to the foot. 
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FIGURE 15 is an end view of a high profile multiaxial prosthetic foot made in 
accordance with the principles of the present invention showing the displacement of a frame with 
respect to the vertical alignment of a residual limb. 

5 Detailed Description of the Invention 

In FIGURE 1, a high profile multiaxial prosthetic foot ("prosthetic foot") made in 
accordance with the principles of the present invention is labeled 10. The prosthetic foot 10 
includes a frame 12, a connector 15 and a footplate 19. An upper portion of the frame 12 may be 
connected to socket (not shown) that is connected to a leg of the human wearer of the prosthetic 
10 foot 10 and a lower portion of the frame 12 is adapted to connect to the footplate 19. In a 

preferred embodiment, the frame 12 has a generally circular cross-section. Of course, other 
eO suitable cross-sections may be used. The connector 15 is adapted to allow rotation of the frame 
jtj 12 about an axis that is aligned with the longitudinal axis of the footplate 19. As shown in 
j M FIGURE 2, an ankle joint 23 defines the connection between the frame 12 and the connector 15. 
15 The footplate 19 is attached to the connector 15, and, preferably, the footplate 19 isrigidl^ 
: ^ attached to the connector 15. Thus, it can be seen that the footplate 19 is free to rotate about an 
□ axis defined by the ankle joint 23, the axis of rotation lying along the longitudinal axis of the 
m footplate 19 and the lower portion of the frame 12. The prosthetic foot 10 may also be adapted 
\il for anterior-posterior movement, by, for example, providing means for the elastic deformation of 
!2D the connector 15, the frame 12, and/or the footplate 19. Thus, the prosthetic foot 10 may provide 
multiaxial movement. 

The frame may be constructed of a high strength polymer or a composite material such as 
a carbon fiber laminate, for example. In a preferred embodiment, the frame is an L-shaped 
member. Being a generally L-shaped member, the frame defines a first axis and a second axis. 
25 The footplate may also be constructed of a high strength polymer or a composite material such as 
a carbon fiber laminate. 

In FIGURE 3, the frame 12 is depicted removed from the connector 15. The frame 12 
may be described as having a generally long axis LI along the upper portion of the frame 12 and 
a generally short axis SI along the lower portion of the frame 12, however, long axis LI and 
30 short axis SI may be of any length as required by a wearer of the prosthetic foot 10. The short 
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axis SI is connected to the connector 15 through the ankle joint 23. In one embodiment, when 
the prosthetic foot 10 is assembled, the short axis SI is aligned with the longitudinal axis of the 
footplate 19. 

FIGURES 4, 5 and 6 show alternative embodiments of the present invention and more 
5 particularly, show alternative means for connecting a frame to a footplate. In FIGURE 4, a 

frame 42 is connected to a connector 45 through an ankle joint 43. The connector 45 may be any 
general shape so long as it does not preclude the utility of the prosthetic foot 10. The connector 
45 is generally configured so that it may provide an ankle joint 43 having an axis of rotation that 
lies along an anterior-posterior direction. The connector 45 is attached to the footplate 49. In 
10 this embodiment, the connector 45 is adapted to frictionally receive the frame 42. Thus, medial - 
^ h lateral rotation of the frame 42 about its short axis is limited by the coefficient of friction existing 
•Q between the connector 45 and the frame 42 at the ankle joint 43. The connector 45 may be made 

ill 

fri of any suitable material that preserves the functionally of the prosthetic foot 10. For example, a 

high strength polymer, a carbon fiber laminate or a high modulus elastomeric material may be 
4J> used for the connector 45. A high modulus elastomeric material, for example, may allow 
" movement of the footplate 49 in an anterior-posterior direction via compression of the connector 
'3 45. 

;i| In FIGURE 5, an alternative embodiment of the connector of the present invention is 

% illustrated. Frame 52 is connected to a spring 55 through an ankle joint 53. Spring 55 is then 
^20 attached to a footplate 59. In the embodiment depicted in FIGURE 5, connector 55 is in the form 
of a torsional spring. However, other spring designs, such as a leaf spring, may be used. The 
spring 55 is generally configured so that it may provide an ankle joint 43 having an axis of 
rotation that lies along an anterior-posterior direction. The spring 55 may be constructed of a 
carbon fiber laminate or metal, for example. Thus, the amount of rotation of the footplate 59 
25 about the ankle joint 53 may be limited by the spring constant for the spring 55. In this 

embodiment, it is preferred that the frame 52 be fixedly attached to the spring 55 at the ankle 
joint 53. However, it may possible to allow rotation of the short axis of the frame 52 within the 
ankle joint 53 with respect to the spring 55, by providing that the spring 55 is adapted to 
frictionally receive the frame 52. Thus, the amount of rotation of the footplate 59 about the 
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ankle joint 53 is limited both by the coefficient of friction existing between the short axis of the 
frame 52 and the spring 55 at the ankle joint 53 and also the spring constant of the spring 55. 

In FIGURE 6, yet another embodiment of a frame/connector/footplate assembly made in 
accordance with the principles of the present invention illustrated. In FIGURE 6, a frame 62 is 
5 connected to a spring 65 at an ankle joint 63. In the embodiment depicted in FIGURE 6, spring 
65 is in the form of a torsional spring. However, other spring designs, such as a leaf spring, may 
be used. The spring 65 is generally configured so that it may provide an ankle joint 63 having an 
axis of rotation that lies along the short axis of the frame 62. The spring 65 may be constructed 
of a carbon fiber laminate or metal, for example. Thus, the amount of rotation of the footplate 69 
10 about the ankle joint 63 may be limited by the spring constant for the spring 65. In this 

embodiment, a connector 64 is also used. The spring 65 and the connector 64 are both attached 
:J1 to the footplate 69. Rotation of the frame 62 within the ankle joint 63 may be constrained by 
| ^ providing that the spring 65 is adapted to frictionally receive the frame 62. Rotation of the frame 
\ti 62 within the connector 64 may be constrained by providing that the connector 64 is adapted to 
15 frictionally receive the frame 62. The rotation of the footplate 69 may be limited by the 

coefficient of friction between the frame 62 and the spring 65, the coefficient _of friction between 
Q the frame 62 and the connector 64, or the spring constant of the spring 65, or combinations 
Hj thereof 

;* 6 5 In FIGURE 7, a cross-sectional end view of a high profile multiaxial prosthetic foot 70 is 

20 shown. In this embodiment, the frame 72 is connected to a spring 74 by a setscrew 73. The 
setscrew 73 may fixedly attach the spring 74 to the frame 72 and limit or even prevent the 
rotation of the frame 72 within the spring 74. A connector 75 is adapted to rotationally receive 
the frame 72. The connector 75 is attached to the footplate 79. The spring 74 may abut the 
footplate 79. 

25 In FIGURE 8, a cross-sectional end view of another embodiment of a prosthetic foot of 

the present invention is shown. In this embodiment, a control element 81 is adapted to receive a 
frame 82. Rotation stop 87, 88 extend from control element 81. Also shown are a connector 85 
and a footplate 89. The rotation of the footplate 89 about its axis is limited by the rotation stop 
87, 88. The footplate 89 may rotate either clockwise or counter-clockwise until reaching the 

30 rotation stop 87, 88. It will be recognized that there are other adaptations of the rotation 
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adjustment means provided by the rotation stop 87, 88 and the control element 81 . The structure 
of the rotation stop 87, 88 and the control element 81, and the related function of rotation control, 
are further described below with respect to FIGURE 9. 

In FIGURE 9, a side-view of a prosthetic foot incorporating a connector 75, a spring 74 
5 and a control element 8 1 . The frame 72 is connected to a spring 74 by a setscrew 73. The 

connector 75 is adapted to rotationally receive the frame 72. The connector 75 is also attached to 
the footplate 79 in a known manner. The spring 74 may abut the footplate 79. The control 
element 81 is adapted to receive the frame 72. In the preferred embodiment, the control element 
81 is rigidly attached to the frame 72. The control element includes a rotation stop 87. The 

10 rotation of the footplate 89 about its axis is limited by the rotation stop 87. A second rotation 
stop may be included as described above. The footplate 89 may rotate either clockwise or 

=11 counter-clockwise until reaching a rotation stop. 

^ In FIGURE 1 0, yet another embodiment of a prosthetic foot of the present invention is 

'•v : 

;M illustrated. In this embodiment, a frame 1 12 is connected to a connector 115, which in turn is 
15 attached to a footplate 119. In this embodiment, the footplate 1 19 is formed to allow the use of a 
is? * frame 1 12 wherein the angle between the short axis and the long axis of the frame 1 12 is greater 
Q than 90°. 

i|j In FIGURE 1 1, yet another embodiment of a prosthetic foot of the present invention is 

;i; illustrated. In this embodiment, a frame 1 12 is rotatably connected to a connector 115, which in 
2D turn is fixedly attached to a footplate 119. The frame 1 12 is connected to a spring 1 14. The 

spring 1 14 may abut the footplate 119. In this embodiment, the footplate 1 19 is formed to allow 
the use of a frame 1 12 wherein the angle between the short axis and the long axis of the frame 
112 is greater than 90°. 

FIGURE 12 illustrates the ability of a prosthetic foot made in accordance with the 
25 principles of the present invention to provide medial-lateral rotation. In FIGURE 12, an end 
view of the prosthetic foot 10 is shown. As described in the previous embodiments, a frame 12 
is connected to a connector 15 at an ankle joint 13 with the connector 15 being attached to a 
footplate 19. In FIGURE 12, the prosthetic foot is positioned on an inclined plane 11. This is 
analogous to a wearer of a prosthetic foot standing sideways on a hill. Thus, the longitudinal 
30 axis of the footplate 19 is transverse to the direction of incline of the incline plane 1 1 . It can be 
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seen that the high profile multiaxial prosthetic foot of the present invention allows rotation in a 
medial-lateral direction, thus, stabilizing the footplate 19 in such a position. 

FIGURE 13 likewise illustrates an embodiment of a prosthetic foot of the present 
invention positioned on an inclined plane 1 1. In FIGURE 13, there is further defined an angle 6. 
5 The angle 0 is the angle formed between the plane of the incline and the long axis of the frame 
12. Because of the orientation of the ankle joint 13, 9 may effectively vary between 0 and 180°. 

The prosthetic foot of the present invention may be adapted to provide adjustment of a 
frame with respect to a connector and a footplate. In FIGURE 14a and FIGURE 14b, for 
example, a frame 1 12 is shown connected to a connector 115. The connector 1 15 is attached to a 
10 footplate 119. One end of the footplate 1 19 defines an imaginary vertical line v. A distance xj is 
defined by the separation distance between v and the long axis of the frame 112. By positioning 
;y the long axis of the frame 112 closer to the connector 115 a second distance X2 may be defined 
I « between v and the long axis of the frame 1 12. The distance xj is less than the distance X2. Thus, 
[ Ji the position of the long axis of the frame 1 12 may be adjusted with respect to the connector 1 1 5 
4j5 and the footplate 119. Along its longitudinal axis, the footplate 1 19 defines a first end and a 
^ second end. Thus the position of the long axis of the frame 1 12 may be adjustably located with 
Q respect to the first end or the second end of the footplate 119. The adjustable positioning of the 
jJ] frame 1 12 with respect to the footplate 119 may accomplished, for example, by adjustably 
! fj connecting the frame 1 12 to the connector 115. Thus, the short axis of the frame 1 12 may be 
!§Q moved to a desired position along the longitudinal axis of the footplate 1 19 and then fixed in 

position by the connector 115 with respect to further movement along the longitudinal axis of the 
footplate. Referring to FIGURE 7, in one embodiment for example, the frame 72 may be 
adjustably positioned with respect to the footplate 79 as described above and this position fixed 
by tightening setscrew 73. 
25 In FIGURE 1 5, for example, a frame 1 12 is shown connected to a connector 115. The 

connector 1 15 is attached to a footplate 1 19. Further illustrated is a residual limb 120. As 
known in the art, the residual limb is attached to a socket that is attached to the frame 112. The 
residual limb 120 defines a generally vertical axis vp An angle 0i is defined by the long axis of 
the frame 1 12 and vi. Thus it can be seen that 9i may be varied to allow the residual limb 120 to 
30 be offset with respect to the footplate 1 19. The footplate 119 can be seen to also define a top 
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plane and a bottom plane. As illustrated in FIGURE 15, the connector 1 15 is attached to the 
footplate 1 19 at the top plane of the footplate 1 19. Thus, the long axis of the frame 1 12 may be 
adjustably positioned with respect to the top plane so that the long axis defines an angle with 
respect to the top plane that is different than 90°. Referring to FIGURE 7, in one embodiment 
5 for example, the frame 72 may be adjustably positioned with respect to the footplate 79 as 
described above and this position fixed by tightening setscrew 73. 

As is known in the art, the footplate of the prosthetic foot of the present invention may be 
covered with an anthropomorphic flexible polymer in the shape of a foot. 

The high profile multiaxial prosthetic foot made in accordance with the principles of the 
10 present invention allows free rotation of a prosthetic footplate about an axis that lies along the 
longitudinal axis of the footplate. Thus, such a prosthetic foot provides free rotation from 0 to 
=li 180° in a medial-lateral direction. A high profile multiaxial prosthetic foot made in accordance 
I « with the principles of the present invention further provides means to control the amount of 
;S rotation of the footplate. Thus, the present invention provides a high profile multiaxial prosthetic 
15 foot that allows true medial-lateral rotation as opposed to mere medial- lateral tilt. 

There has been provided in accordance with the present invention, a high profile 
Q multiaxial prosthetic foot providing stability for the user in conditions requiring medial-lateral 
n j rotation. While the invention has been described with specific embodiments, many alternatives, 
4; modifications and variations will be apparent to those skilled in the art in light of the forgoing 
20 description. Accordingly, it is intended to include all such alternatives, modifications and 
variations set forth within the spirit and scope of the appended claims. 
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